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Abstract—A large number of the adult population suffers from
some kind of back pain during their lifetime. Part of the process
of diagnosing and treating such back pain is for a clinician to
collect information as to the type and location of the pain that is
being suffered. Traditional approaches to gathering and visualizing
this pain data have relied on simple 2-D representations of the
human body, where different types of sensation are recorded with
various monochrome symbols. Although patients have been shown
to prefer such drawings to traditional questionnaires, these pain
drawings can be limited in their ability to accurately record pain.
The work described in this paper proposes an alternative that uses
a 3-D representation of the human body, which can be marked in
color to visualize and record the pain data. This study has shown
that the new approach is a promising development in this area of
medical practice and has been positively received by patients and
clinicians alike.
Index Terms—3-D visualization, mobile data collection, pain
drawings.
I. INTRODUCTION
I T IS estimated that 80% of the adult population suffer fromback pain during their lifetime. Besides being uncomfortable
and affecting day-to-day life on a personal level, it has a consid-
erable effect on society and the economy [1], [2]. In spite of this,
the assessment of this medical complaint remains notoriously
difficult.
One of the first steps that is traditionally undertaken by pa-
tients in a back pain clinic is the completion of a medical ques-
tionnaire, which is intended to identify the location and type of
pain being experienced.
In most cases, the only visual aid to assist medical staff with
their assessment is “pain drawings.” Traditional pain drawings
are 2-D figures of the human body (Fig. 1) on which the pa-
tient is asked to mark the type and distribution of the pain being
suffered. The pain drawings, in conjunction with a psycholog-
ical evaluation, allow the physician to assess whether the pain
is anatomic or nonanatomic. Moreover, studies have indicated
that patient drawings have high completion rates in a study com-
paring patients completing conventional questionnaires and pain
drawings [3]. Notwithstanding their advantages, 2-D pain draw-
ings have their limitations, as they do not capture the 3-D nature
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Fig. 1. Completed 2-D pain drawing.
of the human body. Thus, patients are unable to visually express
the pain that they are experiencing, as statements of the form “I
have a pain on the inside of my thigh” are not easily captured in
a 2-D pain drawing.
While recent inventions of medical imaging techniques such
as computerized tomography and magnetic resonance imaging
have revolutionized radiology, the development of 3-D imaging
has not yet been ported across the world of pain drawings.
The focus of the work described in this paper has been the
augmentation of the traditional 2-D pain drawing with a novel,
computer-based, 3-D version-–in the anticipation that electronic
3-D pain drawings shall increase the ease with which patients
record their own pain, as well as providing a tool for pain data
collection and monitoring for back pain clinicians. Moreover,
we have ported the developed 3-D pain drawing to a personal
digital assistant (PDA) platform, and implemented a wireless
solution for mobile data collection. Accordingly, the structure
of this paper is as follows. Section II provides a more detailed
overview of back pain visualization, while Section III introduces
the ideas behind the 3-D pain drawing concept. Section IV
describes the design of a PDA-based 3-D pain drawing prototype
for wireless data collection, which is then evaluated in Section V.
1089-7771/$25.00 © 2008 IEEE
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Lastly, conclusions are drawn and opportunities for future work
identified in Section VI.
II. BACK PAIN VISUALIZATION
The diagnosis and treatment of low back disorders (LBDs),
and specifically, of back pain is a major health problem that
research in medical as well as biodynamic areas is currently
dealing with. According to past data, 60–80% of the population
will suffer some form of back pain during their life, with a
considerable negative impact on the health budgets and national
economies of countries [1], [4].
Unfortunately, the available medical information provides
only partial success in the diagnosis and treatment of this chronic
disease with only 15% of the patients obtaining an accurate di-
agnosis of their problem [3]. This partial success is due to the
complexity of the back, where the main causes of pain could
result from reasons such as strains and minor injury rather than
serious injury, originating from wrong sort of movement to mus-
cle and spine abnormalities. In addition, back pain can also be
triggered by injury to back muscles or spinal discs during lifting
with improper load handling [1], [5].
Like most types of pain, back pain is difficult to assess, as the
only information that can be used is suggestive descriptions from
the patient. However, because these patients may have developed
psychological and emotional problems as a result of suffering
with pain, it may be difficult for them to provide a clinician with
wholly accurate information. This, in turn, can lead to problems
with treatment. This problem is further exacerbated as, in some
patients, the psychological problems may have actually caused
some of the back pain by adding stress to the body, or the stress
of the back pain may have caused psychological problems [6].
A. Pain Drawings
One of the key developments in back pain diagnosis was
developed by Ransford et al. [7]. Their technique involved the
use of body outlines where patients were asked to mark on the
type (usually ache, pain, pins and needles, and numbness) and
distribution of the pain being experienced. These diagrams were
called “pain drawings.”
Previous research [8] had indicated that the hypo-chondriasis
(Hs) and hysteria (Hy) scores of the Minnesota Multiphasic
Personality Inventory (MMPI) were the best prognosticators
for disc-disease. The Ransford et al. study showed that pain
drawings were a good indicator of Hs and Hy scores, and thus,
could effectively be used in the treatment and management of
back pain.
Over the years, there have been a number of research studies
to continue and extend research in respect to pain drawings.
Accordingly, there have been modified adaptations of the initial
pain drawing system and the scoring system. All of the stud-
ies [5], [9]–[11] had slight variations but were conceptually the
same. They shared the same diagrammatic framework and used
mathematical analysis for pain scoring. In most cases, there was
an outline of the human body, with one view from the front
and another from behind. Originally without any divisions, in
later studies, each such diagram had regional selections already
marked on, however still using only two outlines. It is also
noticeable that all these approaches tend to share the same or
similar notations to indicate the different types of pain being
experienced (aches, numbness, pins and needles, burning, and
stabbing). Confirming earlier results [7], most of these subse-
quent developments proved to be good indicators of back pain
and accurately distinguished between physiological and psy-
chological causes [5], [6], [12].
Masferrer et al. [11] further explored the use of color as a
representation for the different types of pain being experienced.
The results from this study showed that the ability of color pain
drawings to express the pain experienced remained the same
as with previous approaches. However, upon analysis of the
drawings, physicians found it easier to see distinctions between
colored representation of pain rather than previous monochrome
notations.
III. 3-D PAIN DRAWINGS
Previous sections have highlighted that back pain information
is mainly gathered through the use of interactive interviews by
highly skilled medical personnel, supported by various paper-
based questionnaires. However, the 2-D representation of pain
drawings constitute a limited dimension representation of the
medical information, potentially resulting in a time-consuming
process with possible irrelevant medical data collected that can
lead to a report that obscures important information. Therefore,
it seems natural to implement digitized 3-D pain drawings, since
such an approach provides an attractive opportunity for enhanc-
ing interaction between the practitioner and the patient in a more
perceivable way to the natural environment. Nonetheless, in our
research, it was felt important that technology should not be ap-
plied to the problem for the sake of it, but that any new approach
should be more intuitive than existing approaches, but just as
usable.
A. Need for 3-D
In computer technology, the concept of 3-D is intimately
associated with that of virtual reality. This is the simulation of a
real or imagined environment that can be experienced visually
in the 3-D of width, height, and depth, and that may additionally
provide an interactive experience, usually by manipulating keys
or the mouse so that the content of the image moves in some
direction or zooms in or out. By being able to interact with the
environment, anomalies caused by 2-D depth perception can be
removed, potentially allowing for more accurate and consistent
data collection.
In the case of pain visualization, it was felt, after consulta-
tions with clinicians and patients alike, that a patient would be
able to better map the pain that they were experiencing onto a
3-D model of themselves rather than a 2-D one. Using a front
and rear 2-D projection of a human torso makes it difficult to
map pain that is occurring at the edges of the representation. A
3-D model provides a continuous body surface, which allows a
practitioner, or indeed, a patient, to accurately record the pain. In
the past, it was often considered to be expensive for day-to-day
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activity. However, developments have made it a standard tool
for utilization.
In terms of back pain, an experimental study using 3-D for
reconstructing spinal cord injuries reinforced the power of 3-D
in medical practice. 3-D virtual images were constructed from
performing computerized medical scans [1]. In this case, 3-D
images were extremely beneficial because the models could be
observed from many different viewpoints. Rotation and zoom-
ing features were combined to allow observer navigation within
the tissue. 3-D navigation provided depth perception, so spatial
relationships of features could be better revealed. The same fea-
ture benefit was anticipated from devising a 3-D adaptation of
pain drawings.
B. Need for a Mobile Solution
Because of the complexity and sensitivity of back pain prob-
lems, every sufferer needs individual treatment options. How-
ever, unavoidable situations such as queues at hospitals or prac-
titioners’ individual places of treatment, which are prioritized
based on the level of emergency or sickness, cause type 2 pa-
tients (abdominal pain, chronic back pain, etc.), who are not
considered as urgent cases, to have to wait excessively long, in
order for their health-related information to be collected. More-
over, assuming that individual treatment and prescription has
been given, it is natural that the patients want to be informed
regularly of their health situations, and the doctors on their part
to be able to monitor their patients’ medical situation, there-
fore, to have both easy and relatively fast access to such health
information.
Sadly enough, conditions such as the hospital queues men-
tioned before, among others of course (since this is only a very
simple example to demonstrate the situation), do not allow an
effective and efficient use of health information that would pro-
vide both parts with the necessary means for disorder, specifi-
cally, back pain disorder in our case, diagnosis, and treatment.
The rapid acquisition and distribution of such information is
definitely a priority, but most of the times, the professionals
responsible for such activities often operate under tight time
constraints. Therefore, health-related information collection and
allocation in an effective and systematic way must be balanced
with the fact that they need to attend to all patients as promptly
as possible [13].
Because of the enormous impact of the aforementioned con-
ditions, there have been efforts [9], [10], [14] to guide the pa-
tient’s diagnosis, treatment, and monitoring outside clinics in a
way that health-related issues can be efficiently manipulated and
used in a timely manner, since time and space constitute barri-
ers between health care providers and their patients, and indeed,
among health care providers themselves. One of these directions
has been to empower the patient to become a stakeholder in the
management of pain. Moreover, bearing in mind the need for an
anywhere, anytime connection for medical information access,
a more flexible and mobile telemedicine system could be devel-
oped that would be able to overcome the current health-related
information limitations discussed so far. This is precisely what
we address in this paper, and describe our experiences with the
design of a PDA-based solution for mobile data collection of
3-D pain data.
IV. PROTOTYPE DESIGN
A. Requirements
The design of the prototype was conducted in collaboration
with a team of clinicians from the Rheumatology Department
of the Northwick Park Hospital, London, who would potentially
use the system. Interviews with these stakeholders were held in
order to define and refine the desired requirements of the proto-
type. In particular, interviews focused on the deficiencies of the
existing back-pain assessment approach and areas of opportu-
nity for the 3-D tool to possibly exploit. In brief, the identified
requirements were to:
1) provide a 3-D model of the human body;
2) provide fully navigational controls enabling the ability to
zoom, rotate, drag for depth perception;
3) allow individually selectable regions of the body;
4) use color to represent different types of pain;
5) allow the details (pain location, type, intensity, time of
input) to be saved for later analysis by physician and for
record keeping on a patient’s file;
6) provide the patient with the ability to input back-pain data
ubiquitously and upload it to a central server;
7) provide a handheld solution for data collection, since many
back pain patients, due to associated disabilities, are con-
fined to wheelchairs or beds, and would not have easy
access to desktop systems.
B. Delivery Platform
The developed 3-D back pain application was designed and
implemented, based on previous work of ours [14], by combin-
ing the efficiency of Microsoft embedded Visual Basic, a lan-
guage specifically geared to help developers build applications
for the next generation of communication-and-information-
access devices running Windows CE, and the functionality of the
Cortona SDK, a development component that enables Virtual
Reality Modeling Language (VRML) browsing.
Using the VRML component, our application displays a 3-D
human mannequin (Fig. 2) whose surface was segmented into
clinically appropriate regions after consultations with the medi-
cal staff involved in our research. Based on earlier work [5], [15],
we color coded four different types of pain (numbness, pain, pins
and needles, and ache). Pain intensity is also inputted for a par-
ticular region of the body via a visual analog scale (implemented
in our prototype via a scroll bar).
The user has zoom-in and zoom-out buttons for manipulat-
ing the mannequin (Fig. 3), whereas rotations are implemented
through user stylus input. In order to input the type of pain
that s/he is currently experiencing, the user employs the stylus
to first select the pain type, after which s/he manipulates the
mannequin to the desired level of detail, and with the help of
the touch-sensitive screen, indicates the particular region of the
body that is affected. This is then recorded to a local Microsoft
Pocket Access database file. It is notable to mention that even
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Fig. 2. PDA-based 3-D pain visualization interface.
Fig. 3. Rotated and zoomed-in 3-D pain drawing, highlighting areas of pain.
though data input is mainly done on the 3-D mannequin, the
data that are saved are not pictorial, but numerical (location of
pain-–each body region had a unique identifier, type of pain,
intensity of pain, and time of day). As such, database sizes are
relatively small [14] and can be uploaded using standard dial-
up connection speeds (under 45 s using a 56-kb/s modem to
transfer a typical day’s worth of collected data).
Data can be uploaded either through the standard synchro-
nization tools via the PDA cradle, or when the user is within
wireless Internet coverage. In both cases, the application uses
Winsock CE 3.0 (Windows CE Sockets) to send its database
content to a central server, which runs Windows 2003 Server
operating system and Internet Information Server (IIS) 6.0 with
an Open Database Connectivity (ODBC) service.
The system architecture in Fig. 4 shows the main components
that make the 3-D wireless back-pain recording model work.
Accordingly, the 3-D Back-Pain Application was implemented
on an HP iPAQ 5450 PDA with 16-b touch-sensitive transflec-
tive thin-film translator (TFT) liquid-crystal display (LCD) that
supports 65536 color. The display pixel pitch of the device is
Fig. 4. System architecture for delivery of a wireless 3-D pain visualization
solution.
0.24 mm, and its viewable image size is 2.26 in wide and 3.02 in
tall. It runs Microsoft Windows for Pocket PC 2003 (Windows
CE) operating system on an Intel 400-MHz XScale processor
and contains 64 MB standard memory as well as 48-MB inter-
nal flash ROM. The Web server was implemented on an Intel
Pentium IV running at 3.4 GHz, with 1-GB RAM and a 250-GB
hard disk. Throughout our trials, a Netgear DG834PN 108-Mb/s
RangeMax ADSL Modem Wireless Router was used.
Due to the sensitivity of the data sent from the patient’s hand-
held device, all the information is sent through WiFi Protected
Access–Pre-Shared Key (WPA-PSK) encrypted radio broadcast
at wireless level. At software level, the information privacy is
maintained by the use of 128-b Secure HyperText Transfer Pro-
tocol (HTTPS). In addition to all of the above, to prevent identity
theft, rotating-password approach is utilized, which requests five
random characters of predefined 16-letter password, and creates
a unique keyword combination for every transfer.
V. EVALUATION
The purpose of the initial evaluation of the prototype was
twofold: first, to gain feedback from the clinicians involved in
developing the requirements, and second, to gain an understand-
ing of how usable the interface was by potential patients.
A. Clinical Evaluation
Four clinicians were asked to review the prototype. One was a
back-pain specialist from a London hospital, another was a pal-
liative care specialist from a different London hospital, with the
prototype also being evaluated by two physiotherapists. This re-
view was to ascertain whether this approach to pain visualization
could be used in practice, by professionals with considerable ex-
perience in the use of existing 2-D pain drawings.
In general, all clinicians surveyed approved of the visual ap-
pearance of the system, and suggested that the prototype would
be usable in a clinical environment. They provided a number of
interesting observations on limitations and improvements that
could be made.
The back pain specialist noted that the 3-D interface covered
almost all aspects of existing pain drawings. He was impressed
by the level of detail and navigation control. However, he did
note that users with disabilities might find it difficult to interact
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with the PDA. While he was “excited” by the possibility of pa-
tients collecting their own data, especially at set times of the day
(and thus, being able to remotely monitor the progression and
type of pain, vis-a-vis the prescribed medication/treatment), he
did highlight that 1) users should be given appropriate train-
ing and 2) appropriate personnel and facilities should be made
available to interpret this wealth of data, otherwise it would ul-
timately be a futile exercise. These concerns were also echoed
by the palliative-care clinician, who was, however, impressed
by the opportunity that the application gave patients to become
stakeholders in managing their pain. Moreover, he was also of
the opinion that even though the tool did not provide a diagno-
sis as such, it could have important and benefic psychological
effects on patients eager to record their pain diaries.
Both physiotherapists interviewed had no concerns with the
usability of the prototype, but did suggest that 1) the feet should
point downward rather than be in a standing position to allow for
ease of marking and analysis and 2) we could, in future versions
of the prototype, consider having a more fine-grained division
of the mannequin body surface. The physiotherapists were im-
pressed by the potential ability of the prototype for anytime,
anywhere data collection, and hinted that even if the proto-
type would have had usability issues, in practice, most patients
would overlook this, as the convenience factor associated with
it would outweigh such considerations-–for one, there would be
less hospital visits!
B. Patient Evaluation
Forty-five patients (26 males, 19 females, mean age
46.1 years) have evaluated the prototype between September
2006 and January 2007. Out of these, 13 were patients at the
Rheumatology Clinic of Northwick Park Hospital and volun-
teered to take part in the study. The remaining 32 participants
were members of the U.K. National Forum of Wheelchair User
Groups.
The only qualifying condition was that participants had to
have broadband access at home and allow us to install the wire-
less router over the five-day evaluation period (although wireless
connectivity is not necessary for pain data upload, it was consid-
ered essential in order to evaluate this aspect of our prototype).
Patients were given a three-page user manual and asked to record
pain data at three set times a day, subsequently uploading the
information at the end of each day to the hospital server. At the
end of the evaluation period, patients were asked to complete
a questionnaire (Table I) in which their opinions over a range
of statements were recorded on a 5-point Likert scale, where 5
corresponded to the most positive response and 1 to the most
negative. Users were also asked to note any other comments
they might have had in respect of the developed application.
In general, the results were positive. Users found the color
notation clear, and found it easy to navigate and control the 3-D
model used in the PDA application (Fig. 5). These results with
respect to the developed interface are especially encouraging,
since the majority of the users were wheelchair patients, many
of whom wore glasses, and whose condition was compounded
by other disabilities (such as motor ones).
TABLE I
QUESTIONS USED TO EVALUATE THE 3-D PDA PAIN VISUALIZATION TOOL
Fig. 5. Breakdown of survey responses: questions 1–4.
Fig. 6. Breakdown of survey responses: questions 5–8.
Strongly positive results were obtained with respect to the
ability of the prototype to record pain data anywhere, anytime,
and especially, with the fact that it allows the patient to show
clinicians how their pain varies across the day, in this respect, the
trend confirming earlier results of ours [14]. Furthermore, pa-
tients generally disagreed with statements regarding the difficult
of data input and upload (Fig. 6).
Some of the comments made by patients when evaluating the
application include:
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“The application allows me to correlate more closely the pain
I am experiencing with the activities that I had been doing . . .”
The patient then remarked that, as a result of self-monitoring
of how activities impacted his/her pain levels, he/she could man-
age the pain much better by reducing those activities that led to
intense pain.
Another patient remarked:
“The software made me realize that I was taking my medica-
tion at the wrong time of the day . . .”
This observed discrepancy between medication intake and
experienced peaks of pain, as well as a better understanding of
the link between activities undertaken during the day and pain
intensities and patterns in the end resulted in the patient reducing
his medication (strong analgesic) by 25%, with no deterioration
in the pain levels encountered. Indeed, the reduction of med-
ication intake as a result of self-monitoring of pain was not a
singular observation, as this was reported by five other members
of our study group.
Yet another patient highlighted:
“Being able to rotate, zoom-in and out makes me feel that I
have a much better control of my pain . . .”
This observation seems to show that even though pain levels
of the individual in question had not necessarily decreased as
a result of the developed application, at least it offered him
a perceived leverage of control over his suffering. Indeed, as
remarked earlier, surveyed users were most enthusiastic about
the ability to log data and its variation in time.
In rounding off our analysis of participants’ comments, we
mention that we were particularly pleased with the statement to
the effect that:
“. . . 3-D on a PDA allows me to accurately pinpoint any
location I choose. Now, I would never go back to 2-D (pain
drawings) again!”
Lastly, we remark that, from the additional written and oral
comments that we have received, the general trend was that
patients were enthusiastic about the application, with the only
suggestion for further improvements being a finer division of
the body mannequin, so that pain locations could be better pin-
pointed and the possibility of having more than one type of pain
for each selected body region.
VI. CONCLUSION
This paper has presented a novel, PDA-based application
for ubiquitous upload of pain data gathered using a 3-D pain
drawing. Our evaluation with a cohort of 45 users has revealed
encouraging results, with patients appreciating the advantages
that self-monitoring of pain offers in managing this complex
phenomenon, while clinicians especially liked the ability of
the developed application to remotely monitor pain. Moreover,
both patients and clinicians indicated positive views toward the
developed interface, platform, and functionality.
We realize that the cost (of equipment and software) is a po-
tential issue toward large-scale adoption of our work. However,
we are heartened by two aspects in this respect: the prices of
PDAs are decreasing, while their computational capacity is in-
creasing, as is their connectivity. Moreover, any potential initial
investment in equipment and software could be offset by the re-
duction in health care costs (better pacing of medication intake,
as our study has highlighted; potentially fewer hospital visits) as
well as by increased patient satisfaction due to the opportunity
to become a stakeholder in the management of pain (again, as
shown by our study, although we realize that it is difficult to put
a price on patient satisfaction).
The work reported in this paper has raised interesting future
directions, chief of which is the use of color to code multiple
pain types for a particular body region. While our proof-of-
concept prototype has not taken into consideration issues such
as application-level security and scalability; clearly, these are
avenues for future work, as are more fine-grained subdivisions of
the 3-D mannequin. The application could also be ported to other
clinical areas (such as patients recovering from surgery or being
treated for cancer). Our research is, of course, prototypical. It
has not been tested in a large-scale setting, nor has its impact on
health care processes been assessed. All these efforts constitute
an essential part of our future endeavors.
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